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THE hop plant Humulus lupulus L. is best known in Britain from
its cultivated forms grown for use in the brewing industry. Those
varieties which are grown on a commercial scale in this country all
conform to the general description of Humulus lupulus L. and the
presumption is that they are all variations (directly, or indirectly
through other varieties) from the female form of the original wild
hop. Since the plant is dioecious it follows that any one of these varieties
was in all probability derived primarily from one ? plant which arose
either as a mutation or as a hybrid and has subsequently been propagated
vegetatively by cuttings or "sets," i.e. the variety is represented by
a number of plants comprising a clone1; such a variety is not necessarily
provided with a corresponding male form possessing all the vegetative
characters of that particular $ variety.

The varieties of the female hop are, at the present day, very numerous
but no attempt has hitherto been made to distinguish varieties of the
male plant, for, as Prof. Percival points out2, "on account of their
being of no use to the grower, males have never been subject to special
selection and improvement."

The value of the male hop to the practical hop-grower in this country
was, until a few years ago, a subject of much debate. Recent observa-
tions and experiments carried out at Wye College by Mr E. S. Salmon

1 The word "done" was first used by Webber in 1903 and has been adopted by
Dr Johs. Sohmidt, Director of the Carlsberg Laboratory, Copenhagen. In bis recent
paper "On the Aroma of Hops" (Comptes-rendus its travaux dv. Laboratoire de Carlsberg,
lime Vol. 1915) Dr Schmidt, in discussing the use of the word "clone," writes (toe. cit.
footnote, p. 153): " I would suggest that the word be adopted into the terminology
relating to hops, where such a term is actually needed. A hop-clone would thus be all
those plants derived from the same seedling by vegetative propagation, a clone-plant
being any single plant belonging to the clone."

1 Agricultural Botany, 4th Ed. 1910, p. 345.
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and Mr A. Amos have proved conclusively, however, that for the
production of "well grown-out" hops of the best English varieties
the development of a certain number of seeds is of primary importance1.
This involves pollination, for there is no definite proof that partheno-
genesis2 obtains in the hop. Hop-growers therefore are now strongly
advised to plant a certain proportion of male hops in their hop-gardens,
and that this advice is being followed is shown by the numerous applica-
tions, made by farmers of Kent, Surrey, and Sussex, for the male-hop
"cuttings" supplied free by Wye College3.

In order to meet the demand for cuttings some 200 "hills" of male
hops are now established in the nursery attached to the hop-garden
on the College farm. An examination of the plants shows that they vary
considerably in some of their characters, but of these the only ones
taken into consideration as being useful to the commercial grower
were (1) Time of flowering, i.e. early, mid-season, or late, since a male
hop to be of any value for pollination purposes must necessarily be in
flower with mature pollen at the time that the female plant has receptive
stigmas4. (2) Vigour, including the suitability for growth on certain
soils; a male hop that thrives in East Kent may not be successful
when grown on the heavy soil of the Weald.

Breeding operations now being carried out by Mr Salmon for the
purpose of raising new varieties suggested the advisability of obtaining
descriptions, as complete as possible, of those plants used in the
"crossings," particularly of the males since there are no specified
varieties of that form. It was proposed therefore that the writer
should study and keep under observation for a number of consecutive
seasons a large number of male hops, in order to determine those
characters, if any, which could be taken as a basis for a classification
(not necessarily a natural one) and identification of varieties of male
hops.

Of the hills available 120 were selected as being suitable for detailed
observation. Among those chosen fourteen plants5 were each repre-

1 The Journal of the South-Eastern Agric. CoUege, No. 17, pp. 364-391.
s I.e. Somatic Parthenogenesis of Winkler or Parthenapogamy of Prof. Farmer.
8 The Journal of the South-Eastern Agric.. College, No. 21, p. 425.
* When the stigmas of the $ flowers are receptive they project from betweerj the

bracts and br&cteoles of the strobiloid inflorescence which develops into the "hop" of
commerce, and the plant is "in burr.'^

6 Owing to an attack of "nettle-head" disease only eleven of these were fully available
for the season 1914, since two of the three hills in one case and one hill each in two
others had to be "grubbed" during the winter 1913-14.
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sented by three hills (i.e. two of the hills were obtained by planting
cuttings taken from the third, so that all three are of the same clone
in those cases where the original hill is known to be. a seedling),
and seven by two hills each, similarly obtained. The remainder are
not known to have any direct vegetative connection with each other
in their own generation, and it may be that each is the sole representative
in the garden of a seedling plant; they include, however, four raised
from cuttings obtained from Oregon which are indistinguishable from
one another. The number of individual seedlings represented in the
hills selected is therefore reduced to about 80, including 53 which have
been raised as seedlings in the College nursery. The advantage derived
from having two or three hills of one plant in different parts of the
garden is, that the limits of variation in those characters which are
influenced by environmental factors can be determined with a greater
degree of accuracy.

Prof. J. Percival in his Agricultural Botany writes1: " It is somewhat
curious that, although female seedlings show considerable variation,
we have never seen any morphological differences among males, no
matter what their origin, except in one or two solitary instances where
the 'bines' were a paler colour than usual." Reference has already
been made to these words by Mr Salmon, who says2: "This statement
is somewhat misleading, since we find in the forms, or varieties, of the
male hop quite as much variation in such characters as the colour
of the stem and petioles, length of the lateral branches, and in other
vegetative characters as in the female hop-plant." The object of the
present paper is to present a detailed account of observations which
warrant this conclusion.

The hills examined (120 in number and representing, as noted
above, about 80 plants) showed variation in the characters set out
below. The investigations have extended over three seasons, so that
in some cases (i.e. where one individual plant has been grown in three
hills) it has been possible to make nine observations of any one particular
character. The system of training the hops adopted in the nursery
where all these "males are grown is that known as the "Butcher
System3."

1 Loo. cil. 4th Edit. 1910, p. 346.
a Journal of Genetics, Vol. m. No. 3, Feb. 1914. Footnote on p. 195.
3 A description of this system of.training hops is to be found in an article on "Hop

Cultivation" by Mr A. Amos in the Journal of the Board of Agriculture, Feb. 1910, Vol. xvi.
with figures on p. 891.
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The male hops examined were found to vary in the following
particulars:

Time of flowering.
Stem {bine).

Colour: green, red, or intermediate.
Ridges: rough or smooth; darker or lighter than the general colour of the stem.
Length of intemodes.

Leaves. Total length of petiole and lamina.
Lamina: colour, dark or light green; flat or margins of lobes recurved towards

lower surface; wrinkling of the leaf feeble or well-pronounced; number and
shape of lobes; glands on lower surface numerous or few; size of glands.

Petiole: colour of upper and lower sides; roughness of lower (dorsal) surface; depth
of furrow on upper (ventral) surface.

Laterals (inflorescences):
Length: absolute length and relative to subtending bract.
Number of nodes at which bracteoles are leafy.
Length of intemodes.
Length of secondary laterals.

Stipules: upright, spreading or recurved.
Flower.

Perianth segments: dimensions of segments and number of glands on outer surface.
Anthers: number of glands in the outer (dorsal) furrow.
Disc: number of glands present.

In order to secure uniformity in preparing a record of observations
the following plan was adopted:

The Time of Flowering is understood to be the first date when
open flowers were seen; this was selected rather than the date when
the plant was in full flower as being more easily and accurately deter-
mined. The remaining characters were taken when the plant was
well in flower.

The colour of the stem was determined for that portion of the
bine from the ground to the "breast-wire1," and the roughness o'f the
ridges taken for a short length (about 2 feet) just above that wire.

For observations of the leaf-glands two leaves were taken from
each hill, one at the level of the breast-wire, the other midway between
that and the top wire.

The measurements of the laterals were taken at two levels, the
first at one-third the distance from the breast-wire to the top wire,
and the other at two-thirds that distance; the general observations
on the leaves2 and the length of the intemodes of the bines were taken
between those two levels.

1 The "breast-wire" or middle wire of the Butcher System is about 4 feet 6 inches
from the ground.

a Or rather bracts, since the laterals (inflorescences) grow in their axils.
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Time of Flowering.

The records taken were the dates on which flowers were first seen
open. Usually a hill will be in full flower a week or 10 days later and
may remain in flower for still a fortnight longer. The period during
which a plant remains in flower is modified by atmospheric conditions;
a warm dry air favours the dehiscence of the anthers, while cold, moist
air is unfavourable. The time of flowering for any individual varies
with the age of the plant, and probably to some extent with the season
(the dry summer of 1914 hastened the average time of flowering of the
mature plants, though the difference was practically negligible).

The older males in the.garden, i.e. the well-established seedlings
and the plants raised by cuttings from them, represent 87 hills, and it
was found that in each of three of these the date of flowering had been
the same for the years 1912 and 1913; 44 had flowered earlier and
40 later during the second year, with an average date of but 0-29 of
a day earlier, which seems to indicate that the seasonal variation in
the flowering period for the two years was practically nil. In 1914
the average time of flowering for these mature plants was 1-6 days
earlier than in 1912. Thus it will be seen that, though certain individuals
may show considerable variation from one year to another, the mean
time of flowering throughout the garden was, for the well-established
plants at any rate, about the same for the three years, and the seasonal
modifications are probably slight except during abnormal seasons.

One of our most promising early <J hops is one labelled Z 12 [= 292
and 293]1, which in nine observations has commenced to flower on
dates ranging from June 29th to July 8th with a mean date July 3rd.
Another early one is 294 [= 295] with time of flowering June 30th to
July 4th with a mean date July 2nd.

Late males include E 16 [= 44 and 48], which in nine observations
came into flower from July 23rd to August 6th, with July 28th as the
mean date. A 13 [= 315 and 316] may be mentioned as an example
as a midseason male hop; its date of flowering is July 7th to 17th
with July 12th as the mean.

These observations are evidence that, just as there are early, mid-
season, and late varieties of female hops, so also the same variation
may be taken as a characteristic varietal feature of the male hops.

1 The numbers in brackets refer to hills obtained by planting cuttings from the hill
bearing the number in front of the bracket.
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Stem {Bine).

Colour. Although the colour of the bine varies from a pale green
to a dark red among the plants under observation, the variation in
colour in the individual plant is very slight, in fact, among the English
forms of male hops this character appears to be more constant than
any other, persisting from year to year in the same hill and in different
parts of the garden for hills having the same origin. This is not only
true for the pale green and the dark red stems but also for the inter-
mediate forms; in the latter the colour is not generally a uniform
intermediate shade between green and red, but consists of a mottling of
small areas alternately red and green. This mottled appearance is often
very marked and may persist to some extent in the green bines and the
red bines. In the palest green and darkest reds the mottling is not
visible but when these extremes are departed from small red dots in
the one case and small green dots in the other appear. In others
again the dots are more conspicuous and there is either a green ground-
tint with red markings or a red ground with green markings and the
general appearance approaches more nearly the intermediate mottled
form.

The coloration of the petiole is associated with that of the stem
and usually an observation of the petiole of a leaf removed from a plant
is sufficient to determine approximately the colour of the stem from
which it was taken. This association of colour will be treated more
fully when dealing with the petiole.

Ridges. The hop-bine is provided normally with six ridges1 corre-
sponding in position with the leaf-trace bundles of the vascular cylinder.
In colour the ridges are almost invariably darker than the surface of
the stem between the ridges. The pale green bines have ridges of a
rather less pale green and the red bines have ridges of a darker red
except in the very dark ones where the tendency is towards an almost
uniform deep red. Occasionally the ridges may be seen to be paler
than the general surface, but in such cases transitions to dark ridges
will almost certainly be found on the same bine. No case has been
observed where the ridges are consistently paler than the rest of the
surface and only one plant was noticed in which they are usually so;
this plant, J 36, is a seedling (raised from the German variety "Stirn,"
the male parent being probably Z 12) producing a mottled bine with

1 Occasionally a bine with nine ridges and bearing a whorl of three leaves at each
node is met with.
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ridges generally green (but sometimes with transitions to red) and
this characteristic has appeared in each of the past three seasons.
Sometimes the darker colour of the ridges is very pronounced and
the bine in consequence is conspicuously striped.

The ridges are beset with small wart-like emergences each bearing a
T-shaped spine at its apex, the cross-piece of the T being parallel with
the longitudinal axis of the stem and acutely pointed at each extremity.
When these "hairs" are numerous the bine is harsh to the touch,
when they are few in number it may feel almost smooth, but no plant
has been met with where they are absent altogether. Whether the
degrees of roughness can be accepted as characters to be used in
defining varieties is not yet certain, since individuals are often by no
means constant in this respect. Some plants, however, are appreciably
rougher, others smoother than the average and retain the character
from year to year.

The length of the internodes is probably influenced too much by
the weather, method of training, general vigour and age of the plant
to be of any value systematically, unless indeed vigour itself is to be
looked upon as an inherited character1. The internodal measurements
were recorded by taking the minimum and maximum lengths occurring
in the middle third of the distance between the breast-wire and top
wire. The internodes may vary from 8 to 13 inches even in the same
mature plant; usually the variation is from 9 to 12 inches. In four
bills raised from cuttings obtained from Oregon in 1908 the variation

during 1912 and 19132 was from 10 to 13 inches, and an average of the
16 measurements taken (i.e. the minimum and maximum for each of
the four hills in both seasons), which may be taken as the approximate
mean length of internode, is 11-45 inches; for comparison with this
50 readings for English S hops (25 minima and 25 maxima) were taken
at random and the average was found to be 10-48 inches or approxi-
mately one inch less than the average for the Oregon males. This
suggests that some varieties may possess a factor for long internodes,
but data to hand are insufficient for a definite statement on this point.
It may be interesting to note, however, in this connection that three
plants (ref. nos.. K 1, N 52, and 0 12), each of which is a seedling
of a Canterbury Whitebine crossed vrith an Oregon (J hop, have produced
internodes 14 inches in length.

1 Vigour in a seedling is probably often due to the stimulus resulting from fertilization.
• Unfortunately three of the hills succumbed to "nettle-head" disease and had to

be removed before observations were resumed in 1914.
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Leaves.

The length of the leaves (bracts) varies from 7 to 10 inches, rarely
is 11 inches reached; the variation appears to be wholly "continuous,"
depending on the age and vigour of the plant and on the environment.

Colour of the leaves. The range of tint in the leaves is not extensive,
though there, is evidence that some plants with leaves paler than the
average retain that character to a greater or less extent from year to
year and when transplanted as cuttings to other parts of the garden.
To determine this point absolutely may involve the use of a colour
chart.

Lamina. The lamina of the leaf may be either almost flat or the
margins may be more or less recurved so that the upper surface is
convex, and the irregular wrinkling of the leaf, due to the relatively
more vigorous development of the tissues between the veins, may
be pronounced or feeble. A distinct wrinkling of the surface is usually
associated with a strong recurving of the marginal portions of the leaf.
The constancy of this character is, like the last, at present doubtful,
yet observations tend to show that at any rate the extreme types are
fairly constant.

The four Oregon male hops already mentioned have borne leaves,
during the time they have been under observation, which are decidedly
less recurved and wrinkled than a typical English male hop. Two.
English <? hops, D 22 [= 325 and 326] and F 2 [= 309 and 310], show
the same character, all the six hills having produced leaves weakly
wrinkled and recurved during the last three years without exception.
Several single hills have shown the same tendency during the same
period.

Some hills, relatively few in number, bear leaves which are more
strongly recurved and wrinkled than the average. The plant showing
this feature most conspicuously is No. 279, which is a very vigorous
seedling, raised from the Fuggles crossed with an English male hop,
and was planted out in the garden in 1908; only one other hill has
hitherto been raised from it (viz. No. 336) and this has not been long
enough established for its characters to be constant.

The lobing of the leaves. The first leaves (succeeding the coty-
ledons) produced by a seedling hop plant are cordate and toothed but
unlobed; later three-lobed and then five-lobed leaves appear. In the
English hop the five-lobed character is retained in the mature plant,
the majority of the leaves of any one hill being of that form, while
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three-lobed and seven-lobed leaves are comparatively of rare occurrence
under the conditions of growth which obtain in the garden where
these observations were made. Only one plant (No. 39) has been noticed
on which the leaves are more frequently three-lobed rather than five-
lobed; this feature was particularly noticeable during the past season
(1914), and since the individual was planted out in 1909 it is probably
a characteristic of this plant, as others of the same age and growing
in the immediate neighbourhood produced five-lobed leaves.

In the Oregon hops, however, the number of lobes varies from 5 to
11, the terminal lobe of the English form being often represented by
three lobes. The lobing of the leaves of these Oregon plants differs from
that of the usual type in other respects. The lobes are more acuminate
and the sinuses between the lobes deeper; as a result of this the lobes
themselves are relatively longer. Thus the length of the terminal lobe
is about three-quarters that of the whole lamina, the length of the lobe
being about twice its breadth, and the width at the base (i.e. the distance
between the two sinuses) is about half the breadth of the lobe. The
corresponding dimensions for an English hop are: length of terminal
lobe about two-thirds (usually less) length of lamina; breadth about
equal to length; base more than half the width of the lobe.

Glands on the leaf. On the under surface of the leaves are sessile,
capitate, glandular hairs, often just visible to the naked eye but easily
seen with a lens. They bear a great resemblance to the lupulin glands
found on the bracteoles of the 9 inflorescence. The hop owes its
bittering property to the resins secreted within the lupulin glands,
and it is probable that the glands on the leaves also secrete bittering
resins, since it is recorded1 that hop leaves have been used for
brewing.

To determine the variation in the number of glands on leaves
of different plants it was found necessary, in order that the results
should be comparative, to select portions of the leaves corresponding
in position and in area. The method adopted was as follows: a circle

1 Braungart, in Der Hopfen (Miinchen u. Leipzig, 1901), p. 170, writes: "Merkwiirdig
ist, dass man die Laubblatter des Hopfens eben wegen dieser Driisen in Hopfennotjahren
(getrocknet) sohon zur Verwendung in der Brauerei, besonders zur Herstellung geringer
und Nachbiere, empfohlen hat."

Prof. R. Bradley, of Cambridge University, in The Riches of a Hop-Garden Explained
(London, 1729), wrote: "It often happens by haste, that the smaller leaves of the plant
mingle with the hops. At the time of stripping these leaves are of good virtue, and
were alone sold in Flanders, Anno 1566, for twenty-six shillings and eight pence a hundred,
no one hop being mingled with them."

Joum. of Agrio. Soi. VH 13
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\ inch in diameter was punched through a piece of thin sheet metal
about 2 inches square; this metal plate was so placed on the leaf
under examination that the circle came midway between the sinus
at the base of the terminal lobe and the junction of the petiole and
lamina. By means of a pocket-lens magnifying 10 diameters, the
glands as a rule can easily be counted; when the glands are numerous
the smaller veins are often of service, since they divide the circle into
smaller areas which can be taken in order. In this way two countings
could be made for any one leaf, one on each side of the mid-rib. Two
leaves were selected from each hill, one at the level of the breast-wire
and the other midway between that wire and the top wire; thus four
readings were taken for each hill each year. In each of eleven cases
36 countings have been possible, i.e. where three hills have the same
origin, and the general conclusions arrived at are based chiefly on the
average obtained from 36 such countings in each case, although in
certain typical examples fewer readings were taken, "since two hills (or
perhaps only one) of each were available.

Although there is often considerable variation in the number of
glands borne by the leaves of a single plant, this variation (for a \ in.
circle as indicated above) is about a certain mean which may be as high
as 80 or as low as 20. Usually the number lies between 40 and 60;
thus in the eleven <J hops from each of which 36 countings were possible
the following numbers were obtained:

Reference numbers
of hills

A 13 [=315; 316]
B 11 [ = 298; 299]
C7 [ = 300; 301]
D 22 [=325; 326]
F2 [=309; 310]
E 10 [ = 311; 312]
E16[= 44; 48]
G 27 [ = 319; 3201
Z 12 [ = 292; 293]
30 [= 35; 42]

168 [ = 167; 169]

No of glands to J in:

Lower leaves

Min.

51
30
41
35
18
22
32
26
26
38
32

Max.

106
87
88
70
51
76
74
78
64

102
151

At. of 18
countings

75
55
59
51
34
44
46
46
41
59
90

circle

Upper leaves

Min.

42
33
33
32
21
25

-25
26
25
34
50

Max.

94
67
65
78
36
58
49
65
52
64

101

Av. of 18
countings

64
' 51

47
47
28
37
35
39
44
47

Av. of 36
countings

69
53
53
49
31
41
41
43
42
53
82

A comparison of the above figures shows two features of interest:
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(1) In every case, with one exception, viz. D 22 [=325; 326],
the range of variation (difference between minimum and maximum)
is greatest for the lower leaves; this was. found to be the case also for
the great majority of the rest of the plants examined.

(2) With the exception of Z 12 [= 292; 293] the glands are more
numerous on the lower leaves than on the upper, as shown by the
average of the 18 countings in each instance; this condition again
obtained throughout the rest of the garden except in seven plants,
where, however, the difference was not considerable as is often the
case when the difference is in the other direction as in 168 [= 167;
169] of the above table.

It is advisable therefore when making observations in this connec-
tion, to select leaves at about the same level, which, for preference,
should be a fairly high one.

Of all the plants examined the one with the highest average is the
one appearing last in the table, viz. 168 [= 167; 169], with an average
of 82; others with numerous glands are A 13 [=315; 316] as shown
in the table, and H 22 [= 26] which has given 73 as the average of
24 countings. The Oregon 6* hops too have shown a high average,
viz. 67, the maximum and minimum numbers obtained being 117
and 50 respectively.

Of those plants producing few glands the most striking are

F 2 [= 309; 310] shown in the table to have an average of 31.
269 [= 297] min. 18, max. 37, av. 28 (for 24 countings).

67 min. 16, max. 31, av. 23 (for 12 countings).

The plant giving the lowest average of all, viz. 16, is K 1, a seedling
obtained by crossing a Canterbury Whitebine with an Oregon £.

Size of the glands. The glands are easily seen if a fresh leaf or
portion of one is placed with the lower surface upwards on the stage of
a microscope and examined by the aid of a § in. objective. It is
preferable to use reflected light only, for then the glistening yellow glands
contrast well with the dark green of the leaf surface. The diameter
of the glands was measured by means of an eyepiece micrometer;
during 1912 the ordinary type1 of eyepiece micrometer was employed,
but during the two succeeding years the Leitz's Stufen-Mikrometer
was found to be not only much more convenient, but also the divisions
of the scale were more easily seen against the dark background of the
leaf. In this way it was found possible to ascertain rapidly the diameter

1 I.e. the type in which a glass circle with scale is dropped into the eyepiece.
13—2
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of the glands correct to 5/M. One leaf from each hill was selected
and measurements taken for those glands showing extreme variation,
the smallest glands which appeared to be not fully developed and
those which were not more or less circular not being taken into
consideration.

The variation was found to be somewhat considerable even on the
same leaf; usually it is from 120n to 160fi. No plant was found
to have glands consistently large or consistently small, but it was
seen that in general those leaves with most numerous glands showed these
to be above the average in size. To illustrate this point the following
table shows the minimum and maximum dimensions of the leaf-glands
for those plants already mentioned as possessing numerous glands
and those with few:

Reference number
of plant

168 [ = 167; 169]
H22[=26]
A 13 [=315; 316]
E 12; F 7; F 9; F 17 (Oregons)
F2[=309; 310]
296 [=297]
67

Av. no. of glands
per J in. circle

82
73
69
67
31
28
23

Diara. of glands

m in.

130
130
120
120
120
120
120

max.

175
190
170
180
165
165
150

That this is not an invariable rule is shown by the fact that occasion-
ally where the glands are few in number they may also reach a size
above the average. Two such cases have come under my. observation,
both plants being hybrid seedlings raised in the nursery; one is a
monoecious hop (ref. no. J 2, raised from the German variety Stirn
x <? Z 12), and the other K 1 to which reference is made above. In
each of these the maximum 190/x has been reached.

The petiole. The most interesting feature connected with the
petiole is the colour; this is never uniform, but (with the exception
of those petioles borne by the typical pale green stems) varies on one
and the same petiole from green to some shade of red. The lower
side is invariably green toward the distal end but may show transitions
to red towards its proximal extremity. The colour relation between
the petioles and the bines on which they grow is as follows:
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Colour of stem

Pale green

Green predominating but red marks fairly
conspicuous

Typically mottled

Bed predominating but green marks
fairly conspicuous

Dark red

Colour of petiole

Upper side

Groen, but a little
darker than lower
side

Green, tinged with
red

Bed tinged with
green

Bed

Bed

Lower side

Green

Green

Green

Green

Green at distal end
shading off to red
at proximal end.

The lower side of the petiole is provided with bifid hairs similar
to those of the stem; the petiole, however, is almost invariably rougher
than the stem itself. . Thus a bine which might be described as " almost
smooth1" usually has a "moderately rough" petiole, while a "moderate
rough" bine has a "rough" petiole.

The upper side is channelled by a single longitudinal furrow of
varying depth. In the Oregons it is shallow, and the upper surface
of the petiole is therefore almost flat. In the English type the furrow
is more or less V-shaped in transverse section (except towards the
base, where it usually tends to disappear altogether) but is often very
variable even in the same plant; there is evidence, however, that in
some instances there is an approach to constancy in one direction or
the other. One plant represented by three hills (so making nine observa-
tions possible) has shown furrows distinctly V-shaped in section on each
occasion and the same feature has been noticed in several single hills,
while in others the furrow more nearly resembles that of the Oregon
form.

1 It should be noted that these terms are merely relative and no attempt has yet
been made to reduoe them to terms of size and frequency of the hairs.
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The Laterals (Inflorescences).

By "lateral" is meant a branch growing in the axil of a leaf (bract)
borne on one of the main stems (bines). The laterals above1 the
breast-wire with a few exceptions bear the staminate flowers and are
thus the inflorescences. These bear bracteoles in the axils of which
develop secondary laterals, which may be opposite or alternate; on
long laterals they are usually opposite, on the short ones usually
alternate. The utility of a male hop for pollination depends of course
on the output of pollen, or, in other words, its value is according to the
fertility of the laterals, and an attempt was made to determine the
fertility of any plant in terms of the characters of the laterals.

Other things being equal, the longer the lateral the more flowers
it bears, but factors which must be taken into consideration are the
length of the internodes of the laterals and the length of the secondary
laterals. Since as a rule the internodes and secondary branches
decrease in length gradually towards the distal end of the lateral, it
was considered sufficient to take measurements of the first internode2

and of the longest secondary lateral.
Other characters, viz. (1) the number of nodes on the lateral at which

the bracteoles were leaf-like3, (2) whether the bracteoles were opposite
or alternate, and (3) length of the stipular inflorescences4, were also
examined, as it was thought that they might be of varietal significance.

Of these characters, however, the only important one, so far as
observations went, is length of lateral, as this is the most easily ascer-
tained, and the other characters are dependent on that. With increase
in length of lateral there is an increase in length of secondary laterals,
and in length of internode; of the last two the rate of increase is not
the same for both, that for the internodes being greater than that
for the secondary laterals, so that a short lateral is densely flowered
while a long one is lax. A typical long lateral may be contrasted
with a typical short lateral as:

1 Those laterals below the breast-wire are, together with the lower leaves, stripped
off before "hop-washing" commences.

a By first internode is here meant that between the first and second pairs of bracteoles.
When the bracteoles were not truly opposite, but were more or less alternate, the node
was taken as being midway bet-ween the two bracteoles representing an opposite pair.

3 Sooner or later along the lateral the bracteoles towards the distal end are represented
merely by scales.

* By the "stipular inflorescences" is meant those short laterals at the base of each
main lateral and growing apparently in the axils of the stipules.
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Long lateral (see Fig. 1). Short lateral (see Pig. 2).
Very lax Very dense

Length 4 to 5 feet Length 9 to 15 inches
Longest secondary lateral 6-9 in. 3-4 in.
First internode 5-7 in. 1-2 in.
Bracteoles nearly all opposite Mostly alternate.

The development of a lateral is so easily modified by external
factors that there is usually considerable variation in the same individual,
and though some plants evince a tendency to produce long laterals,
others short ones, no one plant has hitherto been met with possessing
laterals consistently of the long or of the short type as defined above.
Perhaps the best example in the garden of a c? hop with the tendency
to produce long laterals is one growing in hills G 27, 319, 320.
Those at the lower level1 are very lax, measure 1 ft. 9 in. to 5 ft.,
and bear secondary laterals up to 8 in. in length; at the higher level
they are less lax and from 1 ft. 6 in. to 3 ft. 6 in. in length with
secondary laterals up to 9 in.

A male hop with very short dense laterals is J 36, which during
the past three years has borne laterals 9 in. to 1 ft. 3 in. long at the
lower level and 7 to 12 inches at.the higher, with secondary laterals
3 to 4 inches long; in this particular case they are exceptionally
short, and this may be due to the: fact that the plant is still rather
young, though it is to be remarked that the laterals were, on the whole,
a little shorter in 1914 than in 1913, which seems to indicate that
the plant has already reached a stage of development when length
of lateral is no longer modified by the age of. the plant. A typical
plant bearing short laterals may be considered as one producing laterals
which are in general about 15 inches long, but occasionally reaching
a maximum of 2 ft. 6 in- for the lower level and 2 ft. for the higher.

The factors determining length of lateral are probably very complex
but the more evident of these may here be noted. Young seedlings
and hills raised from cuttings that have recently been planted have
invariably short dense laterals; as the vigour of the plant increases
so these inflorescences increase in length year by year until a certain
maximum is attained. The laterals are usually somewhat pendant, but
when they reach a suitable support they often assume the twining habit
characteristic of the stem and in consequence are stimulated to increased
growth. Again, should a bine lose its growing point by careless training
the upper laterals grow out at an increased rate and simulate bines.
Such anomalies are to be ignored when determining length of lateral.

1 See page 178.
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The pedicels and the outer surface of the perianth lobes of those
plants with red bines are tinged with red, the laterals of those plants
thus appearing of a reddish-green before the flowers open. An interest-
ing feature in connection with the Oregon 3 hops is that the laterals
are more "open," i.e. the flowers not so crowded together as in the
English form. On the re-appearance of this character in 1913 it was
more closely studied and the difference was seen to be in the greater
rigidity of the flowering branches of the Oregon plants, so that they
stand out from the axis (primary, secondary, etc., as the case may be)
bearing them more nearly at right angles than in the English forms,
where the branches are more or less drooping unless supported (see
Fig. 3). In the former again the pedicel is usually strongly curved
at right angles immediately beneath the flower, and there is a tendency
for the secondary laterals to bear the tertiary branches unilaterally.
Whether the condition that obtains in the Oregons is the more advan-
tageous for the dissemination of the pollen is not certain, but it would
seem to permit of a more uniform distribution of the pollen than would
be the case where the flowers are crowded together in a pendant tassel.

With regard to the stipular laterals there is little to.be remarked.
In some cases they are long and tapering (a maximum of 12 inches
has been observed), in others short and rounded, while sometimes
they are all suppressed with the exception of a few towards the top of
the plant.

The Stipules.

These are interpetiolar; every leaf is provided with two, each of
which is partially fused with the one on the same side belonging to the
other leaf at that node, thus at each node there appear to be two bifid
stipules alternating with the two leaves. The stipules may be upright
exposing the lower surface, spreading, or recurved exposing the upper
surface. In the English forms the stipules are upright to spreading,
usually almost at right angles to the axis of the bine, while in the
Oregon hops, although a few may be spreading the tendency is for
the stipules to be so recurved that the outer surface of the tips becomes
adpressed to the stem below the node.

The Flower.

Perianth. The five lobes of the perianth vary in size from J x ^
*° iV X 'SV in°k practically on every plant, but the former dimensions
are the more frequently met with in the English forms, the latter in
the Oregon males.
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On the outer surface of the lobes are glands, which are smaller and
less conspicuous than those of the leaves. The number (per each lobe)
is by no means constant even on the lobes of the same flower and for
any one plant is usually from 0 to 8 per lobe. Occasionally one meets
with extreme types like No. 279 in which the number is frequently 15,
a lobe with glands absent altogether being of very rare occurrence,
and No. 83 of which the lobes are usually .eglandular but may have
1 to 3 glands, no more than 3 per perianth lobe having been observed
in this plant. In the case of the Oregon males the number is generally
well above the average and may reach 20.

Glands of the anthers. Along the dorsal (outer) furrow of each
anther may be found a number of comparatively large glands, arranged
in a single row when they are few but frequently biseriate when
more than 10 are present. In the English forms the number is from
0 to 8 (usually 2 to 4); 9 or 10 are rarely found and 11 were counted
on one occasion only. With the exception of the last all anthers with
more than 10 glands have been found only on the Oregon plants and on
seedlings with an Oregon plant as one of the parents. In the Oregon
males themselves the number of glands per anther varies from 4 to 18
(usually about 10) and the glands are often biseriate in the furrow.
Among the English plants none has been conspicuous in producing
very few glands except perhaps A 15 and I 31, in each of which the
number is usually 0 to 2 and no more than 4 have been seen on an
anther of either plant.

The glands of the disc. The disc from which the stamens arise is also
often glandular, but this point was not noticed until too late in the season
of 1912 for full observations to be made that year1 though it was given
attention during the two succeeding years. These glands are minute
and individually invisible to the naked eye, therefore easily overlooked
except when numerous. Here again the number often varies con-
siderably in the same plant, from 0 to 15 being a range of variation
frequently encountered at a hill; yet extreme types are to be recognized.
Thus one plant (C 3) has borne glands from 10 to 25 in number, another
(117) 5 to 25, and in these they are quite conspicuous when observed
by means of a hand-lens; in the Oregon $ hop on the other hand
no disc-glands have yet been discovered and apparently are not
developed in that plant. This feature of the Oregon male is of interest
since in the case of other glandiferous organs, viz. leaves, anthers,

1 Afterwards it was found that these glands are figured in Braungart's Dcr Hopfen,
p. 206.
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and perianth lobes, these plants produce more numerous glands than
the average plant of English, origin.

The Oregon Male Hops.

A comparison of the characters of the four hills of male hops obtained
from Oregon leads to the conclusion that they are all of the same
variety, and that this variety differs from the English male hops in
certain well-marked features. The differences drawn up in tabular
form will serve to emphasize this point.

Oregon $ hop English <J hop

Leaves

Colour of leaves
Lobes of leaf

Apex of lobes
Length of terminal lobe

Breadth of terminal lobe
Base of terminal lobe

Furrow of petiole
Stipules
Glands of anthers

Disc of flower
Perianth, lobes

Inflorescence

Almost flat

Light green
5-11 with tendency for ter-

minal lobe to be trilobed
Acuminate
About | the whole length

of the lamina
About £ length of lobe •
Narrow; about J width of

lobe
Shallow
Reflexed
Usually more than 10

Eglandular
Usually conspicuously glan-

dular
Rigid and "open"

Usually more or less wrinkled
and margin recurved

Variable
3-5 (very rarely 7), terminal

lobe entire
Obtuse,
f (usually less) length of

lamina
About equal to length of lobe
Broader, more than £ width

of lobe
Usually deep
Upright to spreading
Usually less than 10, often

absent
Usually glandular
Glands usually 0 or few and

scattered
Less rigid, drooping

The leaf-glands of the Oregon <J hop are generally more numerous
than in the English males, though among the latter occasionally a
plant is met with possessing leaves as glandular as in the former.

The differences, particularly those concerned with the stipules
and the shape of the leaf, are so marked that it appears advisable to
consider the Oregon form to possess specific rank distinct from
H. lupulus L.; this point will be found discussed elsewhere1.

Type Characters.

The observations recorded in the foregoing pages show that although
in the English male hops there are certain characters which, within
fairly narrow limits, are constant for the individual plant, there is

1 Salmon, E. S. and Wonnald, H.: "Humulus Americanus Nuttall," Journal of Botany,
May, 1915, pp. 132-135.
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between the extremes in each case a series of intervening forms—a
series which is so near being perfect, that it is perhaps impossible to
formulate a scheme of classification that will include and yet distinguish
all the forms. At present it seems best to define the characters that
may be taken as extreme types in each series and to employ these as
standards in comparing the various forms that already exist or new
forms that may arise as hybrids or as mutations. It is proposed
therefore to select as type characters the two extremes in each of the
four series, where (as shown in this paper) variation is considerable
when applied to a large number of plants (such as were available at
Wye) but confined within comparatively narrow limits when applied
to the individual.

I. Time of Flowering1.
(a) Early—about July 1st, and may be during last week in June or first week in July.

eg. No. 294 [=295] June 30th-July 4th. Average July 2nd.
F 3 June 28th-July 5th. Average July 2nd.

(6) Late—about August 1st, and may be during last week in July or first week in
August.

e.g. E16[=44; 48] July 23rd-Aug. 6th. Average July 28th.
131 Aug. 2nd-Aug. 9th. Average Aug. 5th.

For use in pollination it will also be necessary to select intermediate
types that will be in flower when the midseason ? hops are in burr.

e.g. C 3 July 9th-12th. Average July 10th; early midseason.
H22 [ = 26] July 16th-25th. Average July 20th; late midseason.

II. Colour of Bine.
(a) Green, e.g. E 16 [=44; 48].
(6) Bed, e.g. H22[ = 26].

III. Length of Laterals.
(a) Long and lax, reaching a length of 4 or 5 feet.

e.g. E 16 [= 44; 48] and G 27 [ = 319; 320].
(6) Short and dense, maximum length 2 feet 6 inches, but usually shorter than that.

e.g. J36 ; 67; H 10.

IV. Glands on the Leaves.
(a) Numerous—average over 60 for J in. circle taken as described on p. 183;

minimum greater than 40.
e.g. H 22 [=26] with an average of 73.

168 [ = 167; 169] with an average of 82.
(6) Few—average under 30; maximum less than 40.

e.g. 67 with an average of 23.
296 [ = 297] with an average of 28.

1 Vide p. 178 for definition of "Time of Flowering" as used in this paper.
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Such characters as roughness of bine, colour of leaves, recurving
and wrinkling of leaves, length of internodes, etc., are perhaps not
sufficiently distinctive for types to be defined, but they may be useful
in distinguishing varieties which show a constant feature in one or
more of these characters.

The variation in the glandulation of the disc, anthers, and perianth-
lobes of the flowers serves chiefly to distinguish the Oregon and the
English plants, though it is possible that forms may arise among the
latter which will resemble the former in one or more of these characters;
some of the English plants, as already shown, approach the Oregons
in their relative high number of glands on the perianth-lobes. It also
provides a' basis of observation when investigating the transmission
of characters to the hybrid offspring obtained by crossing the two
forms. Whether a male hop which produces a large number of glands
will transmit that character to its progeny (male and female) is a
question that only future experiments will decide, but it is presumable
that such a plant would be more valuable in that direction than one
in which the factors necessary for gland production are but feebly
developed. Should breeding experiments prove that this is the case
the value of. observation concerning this character in the males will
be enhanced.

In accordance with the above scheme of type-characters (limited
to four pairs of such- characters) it is conceivable that we may have
16 type-varieties, each of which will possess 4 of those characters, one
of each pair. Of the male hops hitherto examined only one conforms
to this idea of type-varieties, and but one hill of this hop (No. 67)
has been available, so that the constancy of its characters is some-
what uncertain, though, since it was planted out in the garden in
1909, the features characteristic of the mature plant were probably
established when observations commenced in 1912. During the three
seasons 1912-13-14 it has shown the following type-characters:

l a , early flowering (June 26th-July 14th; av. July 5th).
II b, red bine.
III b, short laterals (8 in. to 2 ft. 6 in.).
IV b, few glands on leaf (16-31; av. 23).
A few plants possess three type-characters, others two, e.g. E 16

[= 44; 48] is late in flowering (I 6), has a green bine (II a), and long
laterals (III a); its average number of glands is 41, so that in this
respect it is an intermediate form.



H. WORMALD 195

The extent of variation in the cultivated $ hop from the original
$ of the wild Humulus lupulus has not been determined, as it is highly
probable that many of the "wild" hop-plants now growing in this
country, particularly in Kent and the other hop-growing counties,
are seedlings from the varieties cultivated. Mr Salmon, however,
has received from Professor P. A. Saccardo, who assures us that it
has been obtained from the true wild hop in Italy, seed of H. lupulus
labelled "Vittorip, ad sepes, omnino sponte, Oct. 1913. In Italia
Humulus non colitur1." Plants are being raised from this seed, and
when mature will be brought under observation.

Scope and Aim of Work on Male Hops.

There are two distinct lines of investigation in connection with the
male hop. The first of these is concerned with the selection of those
forms which are most suitable for planting commercially among the
$ plants in hop-gardens. Obviously such plants must be selected
primarily for their time of flowering, for unless this coincides with that
of the $ plants among which they are growing they are useless, and
it is evident too that vigour (including suitability for different soils)
must be considered. The selection of those cuttings of male hops
sent out from Wye College to hop-growers for the purpose of providing
a supply of pollen is based on these two characters.

The second line of investigation is to determine how <? hops can
be used to the best advantage in breeding operations, that is to say,
how far a judicious selection of these plants for use in crossings will
result in a higher percentage of commercially valuable seedling $ hops.
This will involve (1) a comparison of the vegetative characters of the
6* plants with those of the $ plants to determine which of these
characters are associated with what are considered as good qualities
in the $ plant, (2) a selection of those <J plants showing one or more
of the characters which are considered to be useful, in order that such
plants may be employed in crossing, (3) careful observation of the
progeny obtained from the crosses to determine the potency of the
6* parent in transmitting desirable qualities to the ? offspring.

The present paper shows that male hops exhibit definite variation
in several directions and that selection for one or more characters is
quite feasible.

1 See, however, Jowrn. of Bot. May, 1915, p. 135.
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Whether any pair of characters (as, for example, the type-characters
enumerated above) are allelomorphic pairs is a problem the solution
of which has not yet been attempted.

To the student of genetics the hop-plant is not an ideal subject,
because of the comparatively long interval1 that must inevitably
elapse between the inception of two successive generations, so that it
may be many years before any definite results can be obtained. Hop-
growing is, however, such an important industry in this country that
we cannot afford to neglect the application of modern methods in plant-
breeding and selection to the hop-plant, in an endeavour to obtain
new varieties superior in quality or in vigour to those already grown,
particularly as this plant is now receiving the attention of scientific
experts both on the continent and in America.

In conclusion I desire to express my thanks to Mr E. S. Salmon,
F.L.S., of the Research Department, South-Eastern Agricultural
College, whose advice during the progress of the work has been most
valuable, and also to Mr P. Summers, M.Sc, Botany School, Cambridge
University, who kindly made extracts from works in the library of
the University.

EXPLANATION OF PLATE IV.

FIG. 1. A typical long, lax lateral with its subtending bract.

Fia. 2. Portion of a hop-bine bearing short, dens* laterals.

Pro. 3. Above is shown a rigid, open lateral of an Oregon (J hop; below is tho
drooping type of lateral of" the English forms.

1 At Wye no seedling has been known to flower during its first season, although
Dr Johs. Schmidt finds that at Copenhagen his seedlings frequently come into flower
the first year (see Comptes-rendus des travaux du Laboratoire de Carlsberg, l ime Vol. 1915,
p. 170); even during the secoDd season the plants do not attain to their full vigour and
it is evident that certain characters at any rate are not constant at that age.

(Received May 5th, 1915.)
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